Background The present study determined type I interferon (IFN) receptor (interferon-α/β receptor (IFNAR)) and its predicable role in interferon-α2b treatment in chronic hepatitis B (CHB) patients. Methods Expression of IFN-α/βR-1 and IFN-α/βR-2 in peripheral blood mononuclear cells and in liver tissue was measured by flow cytometry, immunofluorescence, immunohistochemistry and RT-PCR. Results IFN-α/βR-1 and IFN-α/βR-2 in monocytes and lymphocytes increased in CHB patients. Expression of IFNAR-1 and IFNAR-2 in liver had positive correlation with HBV-DNA in liver tissue. Expression of IFN-α/βR in lymphocytes and monocytes increased in the first month, but then decreased during the subsequent interferon-α2b treatment, patients who had higher levels of IFN-α/βR-2 in monocytes prior to therapy showed better viral response than those with lower levels.
Introduction
Patients with chronic hepatitis B (CHB) are at increased risk of developing hepatic decompensation, cirrhosis, and hepatocellular carcinoma [1, 2] . Interferon (IFN)-α, the first drug approved for use against CHB by the Food and Drug Administration (FDA) in the USA, has been shown to be effective in suppressing hepatitis B virus (HBV) replication [3] as well as in induction remission of liver disease. However, its efficacy is limited to a small percentage of highly selected patients.
It is now known that all type I IFNs bind to the same dimeric receptor, the interferon-α/β receptor (IFNAR). It is a heteromeric receptor composed of one chain with two subunits, referred to as interferon-α/β receptor 1 (IFNAR-1) and interferon-α/β receptor 2 (IFNAR-2) [4] . IFNAR-2 binds to type I IFNs with different affinities, mostly in the nanomolar range, and its low-affinity partner, IFNAR-1, which binds to IFNs with micromolar affinities, also differentially recognizes the type I IFNs [5, 6] . IFNs bind initially to IFNAR-2, and this complex then recruits IFNAR-1 [7, 8] .
The expression of the type I IFN receptor in liver tissues may be directly involved in the pathogenesis of viral hepatitis and the response to IFN therapy. After a sequence of IFN-a receptor subunit genes was identified [9, 10] , several investigators assessed the amounts of IFNAR-1 and IFNAR-2 expression in patients with hepatitis C by polymerase chain reaction (PCR) assay [11] . mRNA levels of IFNAR-1 and IFNAR-2 were significantly higher in patients with sustained virological and biochemical response to interferon therapy compared with those with nonsustained response. Moreover, mRNA expression ratio of IFNAR-1 to IFNAR-2 was also significantly high in patients with sustained virological and biochemical response to IFN therapy. The expression level of IFNAR-2 in the liver was related to that in peripheral blood mononuclear cells (PBMCs). These results suggest that hepatitis C virus infection may up-regulate the expression of the type I interferon receptor and that the measurement of IFNAR-2 expression in PBMCs may be useful for monitoring its expression in liver.
The efficacy of IFN-α is limited to a small percentage of highly selected patients, only 20% to 40% have a complete, sustained inhibition of viral replication [12] [13] [14] . One possibility might be the difference in interferon-α/β receptor (IFNAR) expression in those patients, based on the observation that monocytes and B cells express the highest levels of IFNAR among peripheral hematopoietic cells [15] . These results prompted us to determine which parameter could be used for predicting response to IFN-α therapy; we detected IFNAR expression in CHB patients before and after application of interferon-α2b.
To gain more insights into the alteration of IFNARs in CHB patients, we measured mRNA expression of IFNAR-1, IFNAR-2, interleukin (IL)-6, IL-8, tumor growth factor (TGF)-β1 and tumor necrosis factor (TNF)-α both in PBMCs and liver tissues by real-time reverse-transcription polymerase chain reaction (RT-PCR). In addition, we evaluated the expression of IFN-α/βR-1 and IFN-α/βR-2 on peripheral lymphocytes and monocytes by flow cytometry, and performed immunofluorescence histochemistry to detect the expression of IFN-α/βR-1 and IFN-α/βR-2 in liver.
Patients and Methods

Patients
From March 2007 to June 2010, 84 patients (54 men and 30 women, age 21-51 years), who met the criteria for chronic hepatitis B according to the AASLD practice guideline and Chinese Society of Hepatology guideline [1, 16] , and ten healthy people were enrolled in Qilu Hospital, Shandong University. All the patients were grouped into two groups: group A (56 patients): HBsAg+ (hepatitis B surface antigen), HBeAg+ (hepatitis B e antigen), Group B (28 patients): HBsAg+, HBeAg−. Of all the patients, 25 patients accepted liver biopsy. Twenty-five patients who met the criteria for IFN-α treatment [16] were treated with recombinant human interferon-α2b (Yuan Ce Pharm, Beijing China) for at least 3 months (administered three million unit thrice a week), and blood samples were collected every 4 weeks to monitor the alteration of biochemical parameters. The effect of interferon-α2b was verified by biochemical response (BR): decrease in serum ALT to within the normal range; virologic response (VR): decrease in serum HBV-DNA to undetectable levels by PCR assays, and loss of HBeAg in patients who were initially HBeAg positive; and early virologic response (EVR): decrease in serum HBV-DNA more than 2 log 10 copies/mL in 3 months.
Clinical characteristics were showed in Table I . All patients gave written informed consent for research testing under protocols approved by the local Research and Ethics Committee at Qilu Hospital of Shandong University in accordance with the guidelines of the 1975 Declaration of Helsinki.
Cell Isolation
PBMCs were isolated from whole blood by means of Ficoll-Paque Plus (GE Healthcare Piscataway, NY, USA) density gradient centrifugation [17] ; 10-mL heparinized whole blood diluted 1:1 with phosphate-buffered saline (PBS), were layered on top of 5-mL Ficoll and centrifuged without a brake at 500×g (20°C) for 30 min and the PBMC ring was collected, and diluted with GIBCO RPMI 1640 (Invitrogen, Carlsbab, CA, USA) to a final volume of 50 mL, and centrifuged at 500×g for 15 min at room temperature. The pellet was washed again with RPMI 1640 for the measurement. CD14 + monocytes and CD14 − lymphocytes were purified from PBMCs by positive or negative selection using microbeads MACS system (Miltenyi Biotech, Bergisch-Gladbach, Germany) according to the manufacturer's instructions.
Isolation of Human PBMCs and Quantitative RT-PCR
Total RNA was extracted and purified from PBMCs using RNeasy Mini Kit (Qiagen, Valencia, CA, USA). RNA was isolated from human liver tissue by homogenization and purification using TRIzol (Invitrogen) followed by RNeasy clean-up (Qiagen); 2 μg RNA was used as a template for 
cDNA synthesis according to the handbook of High Capacity cDNA Reverse-Transcription Kit (Applied Biosystem, Foster City, CA, USA). Quantitative RT-PCR was performed with the SYBR Green RT-PCR kit (Bio-Rad, Hercules, CA, USA) on the ABI PRISM 7000 (Applied Biosystems). The primers of IFNAR-1, IFNAR-2, IL-6, IL-8, TGF-β and TNF-α were designed using Primer Express software, version 2.0 (Applied Biosystems) (Table II) . GAPDH was used to normalize the samples in each PCR reaction. The absence of nonspecific primer-dimer products was verified by melting-curve and gel-migration analyses. Quantification was performed by comparing the Ct values of each sample with a standard curve and normalization to GAPDH [18, 19] .
Flow Cytometry
IFN-α/βR-1 and IFN-α/βR-2 expression was measured by flow-cytometric analysis [20] . Briefly, 2.0×10 5 cells were incubated with 10 μl (25 μg/mL) primary antibodies (goat monoclonal anti-human IFN-α/βR-1 antibody or rabbit polyclonal anti-human IFN-α/βR-2: R&D Systems, Minneapolis, MN, USA) for 1 h, followed by incubation with 1% fluorescein phycoerythrin (PE red)-conjugated donkey anti-goat IgG (Santa Cruz Biotech, Santa Cruz, CA, USA) or PerCP-cyanine dye 5.5 (Cy5.5 blue)-conjugated mouse anti-rabbit IgG (Santa Cruz Biotech) as the secondary antibodies. Background staining was determined using matched isotype controls, and all staining was done in the presence of 1% human serum to block nonspecific binding to Fcg receptors. Mean fluorescence intensity (MFI) of the background stain was subtracted from IFN-α/βR-1 and IFN-α/βR-2 MFIs. The cells were analyzed using a FACSCalibur (Becton Dickinson, San Diego, CA, USA) to measure the forward and sideward light scatter and PE and Cy5.5 fluorescence [21] .
Liver Histology and Immunofluorescence Histochemistry
All liver biopsies were obtained through percutaneous techniques, and histological examination was performed according to the Batts-Ludwig scoring system at a single pathology laboratory [22, 23] . Immunofluorescence double staining was carried out to detect IFN-α/βR-1 and IFN-α/ βR-2 in liver biopsy tissue. After deparaffinization and dehydration, liver sections were microwaved to get antigen retrieval, blocked in the Dako protein block serum free (Dako, Carpinteria, CA, USA), and then incubated in a mixture of goat monoclonal anti-human anti-IFN-α/βR-1 (1:200) and rabbit polyclonal anti-human anti-IFN-α/βR-2 (1:200; R&D Systems.). One percent PE red-conjugated donkey anti-goat IgG (Santa Cruz Biotech, Santa Cruz, CA, USA) and Cy5.5 blue-conjugated mouse anti-rabbit IgG (Santa Cruz Biotech) as the secondary antibodies. After staining, the sections were mounted with Dako mounting medium (Dako.) and observed with a fluorescence microscope (Olympus 1X71, Japan). The positive area was measured in six high-power (*200) fields on each slide and quantified using NIH recommended software Image J.
Immunohistochemistry
Paraffin sections were deparaffinized by xylene and dehydrated in graded alcohol. Endogenous peroxide was inactivated using 3% cold hydrogen peroxide (SigmaAldrich St. Louis, MO) in methanol for 15 min. Slides were microwaved in citrate buffer for 20 min to get antigen retrieval, followed by blocking in the Dako protein block serum free (Dako) for 30 min, and an overnight incubation at 4°C in anti-IFN-α/βR-2 (1:200; R&D Systems.) in PBS. After washing, goat anti-rabbit IgG (horseradish peroxidase conjugated; Santa Cruz Biotech, Santa Cruz, CA, USA) was used as secondary antibody for 1 h at room temperature and then the signal was detected using an ABC Elite kit (Santa Cruz Biotech.). For negative control, sections were incubated with secondary antibodies only.
Statistical Analysis
Results were expressed as the mean±standard deviation. Statistical significance between CHB patients and the control group were evaluated by the unpaired Student's t test. Differences among the patients groups were analyzed 
Results
Expression of IFN-α/βR in PBMCs Increased Significantly in CHB Patients
In concordance with a previous study [20] , lymphocytes and monocytes from CHB patients showed up-regulated expression of IFN-α/βR-1 and IFN-α/βR-2 (Table III) Relationship Between IFNAR and IL-6, IL-8, TGF-β1 and TNF-α in mRNA Levels
We found out that expression of IFNAR-1, IFNAR-2, IL-6, IL-8, TGF-β1 and TNF-α in PBMCs and livers significantly increased in patients with CHB (Fig. 2a) . While, mRNA levels of IFNAR-1 and IFNAR-2 in PBMCs had no correlation with the severity of viral infection in all the patients (data not shown). There was no difference in IFNAR-1 and IFNAR-2 as well as TGF-β1, TNF-α, IL-6 and IL-8 mRNA levels between the two groups of patients (data not shown). Elevated hepatic mRNA expression of IFNAR-1 and IFNAR-2 was strongly correlated with HBV-DNA content in liver biopsy samples from CHB patients (Fig. 2b) . The mRNA expression of IFNAR correlated with all the inflammatory cytokines such as IL-6, IL-8, TGF-β1 and TNF-α detected in livers (Fig. 3) .
Taken together, our data indicate that mRNA levels of hepatic IFNAR-1 and IFNAR-2 correlate with the HBV-DNA content in liver tissue of CHB patients. Immunofluorescence histochemistry of liver tissues were double stained with IFN-α/βR-1 and IFN-α/βR-2 antibodies and showed increased expression compared with control liver tissues (Fig. 4a) . Immunohistochemistry of liver tissues stained with IFN-α/βR-2 antibody had the same result (Fig. 4b) . However, there was no relationship between IFN-α/βR-1 and IFN-α/βR-2 expression and inflammatory grade or fibrosis stage (data not shown).
Immunofluorescence histochemistry of liver tissue ( 200)
IFNAR
Alterations of IFNAR Expression in Response to Interferon-α2b Therapy
Among the 25 chronic hepatitis B patients treated with interferon-α2b, 12 patients reached BR, only one patients achieved VR, while nine patients had EVR (Table IV) . During interferon-α2b treatment, IFN-α/βR-1 and IFN-α/βR-2 in lymphocytes and monocytes in all the 25 patients treated with interferon-α2b increased in the first month, but then decreased in the following 2 months (Fig. 5b) . The mRNA levels of IFNAR-1 and IFNAR-2 in PBMCs showed similar patterns (data not shown). After we analyzed the difference between responders (patients who achieved EVR, BR or VR. Some patients could achieve BR, EVR and VR at the same time, so the total number of responders was 12.) and nonresponders (NR, n=13), we found out that before interferon-α2b treatment, the expression of IFN-α/βR-1 and IFN-α/βR-2 in lymphocytes and monocytes magnified almost no difference between the two groups. But the expression of IFN-α/ βR-2 in monocytes in responders was higher than that in nonresponders (Fig. 6d) before the application of interferon-α2b. During the 3-month treatment, the expression of IFN-α/βR-1 and IFN-α/βR-2 in lymphocytes and monocytes was much higher in responders than nonresponders ( Fig. 6a-d) .
Along with interferon-α2b treatment, the mRNA levels of IL-6, IL-8, TGF-β and TNF-α, all decreased (Fig. 7a) , implying that recombinant IFN-α can significantly suppress the inflammatory cytokines induced by hepatitis B virus. Expression of IFN-α/βR-2 in monocytes in the response patients was significantly higher than the NR patients (Fig. 7b) . All the data are presented as means±standard error *p<0.05; **p<0.01; ***p>0.05 is a more tractable target for mutagenesis and structural studies [24] . Sarah L. Pogue demonstrated that expression levels of IFNAR-1 and IFNAR-2 were highest on the monocyte population, followed by B cells. Neutrophils and NK cells expressed approximately one third the level of receptor as B cells, and the T cell subsets expressed low but detectable levels of the receptor [15] . Shiro Tochizawa's results indicated that all leukocyte subsets possessed IFNAR-2, and the expression was higher in monocytes and granulocytes than in lymphocytes [20] . We found that IFN-α/βR-1 and IFN-α/βR-2 were expressed ubiquitously in leukocytes, including lymphocytes, monocytes and neutrophils, while the expression of IFN-α/βR-1 and IFN-α/βR-2 in neutrophils shows no difference between CHB patients and healthy controls. To observe IFNAR's fluctuation during IFN-α treatment, we focused on IFN-α/βR-1 and IFN-α/βR-2 in lymphocytes and monocytes. Lau JY first reported the expression and regulation of IFNAR in chronic hepatitis B virus infection in 1991 [25] . Their data indicated that IFNARs are highly expressed and regulated normally in chronic hepatitis B virus infection by interferon-α therapy. Their results are limited by enrollment (only 20 HBV patients) and the fact that they did not measure the two subunits of IFNAR. Shiro Tochizawa also examined the effects of IFN-α on IFNAR-2 expression using heparin-treated blood. A decrease in IFNAR-2 expression in lymphocytes, monocytes, and granulocytes by 2-h treatment with IFN-α was observed in a concentration-dependent manner [20] . But he got the results only in vitro cultured leukocytes, there were no more data available about the effect of IFN-α on IFNAR expression in CHB patients. From 2002 to 2007, three groups of researchers from Japan worked on the relationship between type I IFN receptors in response to interferon-α treatment in hepatitis C and gastrointestinal cancers. These results suggest that hepatitis C virus infection may up-regulate the expression of type I interferon receptor and that the measurement of IFN-α/βR-2 expression in PBMCs may be useful for monitoring its expression in liver [26] [27] [28] . Our data showed that in chronic hepatitis B patients, IFN-α/βR-1 and IFN-α/ βR-2 in PBMCs and liver were elevated significantly after HBV infection. Moreover, IFNAR-1 and IFNAR-2 in livers have a positive relationship with the level of HBV-DNA in livers.
Our study revealed that the expression of IFN-α/βR-1 and IFN-α/βR-2 were higher in lymphocytes than in monocytes in the control group, while it is not the case in the CHB patients. During interferon-α2b treatment, the levels of IFN-α/βR-1 and IFN-α/βR-2 on lymphocytes and monocytes increased in the first month, but then decreased in the following 2 months. The pattern of alteration of IFNAR expression caused by interferon-α2b in CHB patients is not the same as Shiro Tochizawa reported in cultured leukocytes. There are several possible explanations: (a) application of interferon-α2b in the first month can induce the duplication and production of IFNAR in mRNA and protein levels in lymphocytes and monocytes, while continuous stimulation of interferon-α2b can suppress the induction of IFNAR; (b) remaining IFNAR has a higher binding affinity, therefore partially compensating for the decrease in receptor number; (c) the intracellular effects are cumulative, so that with long-term treatment, less interferon-α2b binding is required to sustain the same biological effects; and (d) the maximum biological response requires the occupation of only a small proportion of the accessible receptors. Our study only focused on the expression of IFNAR in PBMCs and in liver tissues, to gain better explanation to such alteration of IFNAR needs further studies.
The IFN molecule itself has no antiviral effect, the binding of IFN to its receptor is an essential first step required to exhibit antiviral activity. However, whether upregulation of the type I IFN receptor results in enhanced antiviral activity by IFN therapy is not confirmed. Patients who achieved EVR or BR had higher levels of IFN-α/βR-2 before interferon a2b treatment in monocytes than the noresponse patients. Perhaps the expression of IFN-α/βR-2 in monocytes can be used as a predictive parameter for the efficacy of interferon-α in the treatment of chronic hepatitis B. Perhaps this could explain the clinic manifestation that if a patient could not achieve early virus response in the first 3-month interferon-α2b application, simply extending the course of IFN-α has no use in improving the rate of virus response. During the application of interferon-α2b, the responders exhibited higher expression of IFN-α/βR-1 and IFN-α/βR-2 both in lymphocytes and monocytes than the nonresponders. These results presented a concept to us that higher IFNα/βR expression in PBMCs was a predictive factor associated with sustained virologic response to interferon-α2b therapy in chronic hepatitis B patients.
In summary, we demonstrated that IFNAR expression in CHB patients is higher than in healthy controls, especially in peripheral monocytes. The expression of IFN-α/βR-2 on monocytes before interferon treatment may be used as a predictive parameter. Higher expression of IFNα/βR in lymphocytes and moncytes during interferon-α2b treatment maybe predictive for response to IFN therapy. 
